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- FOREWORD

This final report was prepared by K. R. Bilwakeshs W. A.
Strauss, and R. Edee of the Department of Aeronautical and
Astronautical Engineering of The Ohio State University on
Contract AF 3-*•(615)-3775, Project 3012, Air Force Aero Propul-
sion Laboratory. The research on this project was administered
under the direction of the Air Force Aero Propxulison Laboratory
with Lt. Wayne A. Zwart as project enineer.* This report was
submitted by tlhe authors, February 1968.
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I SECTION I

INTRODUCTION

Ramrjets are being ccnsidered as power plants for hypersonic aircraft.,
Because of structural consideration, the high stagnatios entshalpiea ofI the air with respect to the engine precludes the. energy release from
combustion in a subsonic stream. The stagnation pressure losses and the
difficulty in recovering the chemicaa energy from higyly dissociated
combustion gases make the ramjet utilizing subsonic combustion very
inefficient. One possible solution to -,,he problem 13 tc limit the rmduc-
tion of the air speed through the engine to moderately supersonic levels
so that the static pressureu of the gas are low enough to satisfy StruC-
tura.l requirements. The fuel is then added to this superaonic flow oZ
air. This schee necessitates mixing and burning of genees wtich are
flowing P.t supersonir. ,apedd. Both of these processes are extremely
important since they =wt be accomplished in a ccwbustion chamber of
reasonable length. Ine present atudy pertains -to the conbustion process
which involves a aeres. of elementary chemical reaotiona, each of w•tahI requires a finite time to occur. ThIs iuvestigation, as a part of a
continuing progran, deals with some eleentary reuctiona involving the
OH radical. 1we deecaposition of hbdrogen Veroxide sarmed as a souroe

Iof the OH radical.

The important chemical reactlons occurring 11 the combustiou of
I , hydrogen with o2gen (or air) ere listed below:'

I~~~~~~~~2 + '02 I~O i8)I+ri±g+
(R-2) H0o + M-.O + OH + O 1 , (R.-9) H: + + M ;A 1v + H.,

I(R-3) OR+H+1a zO + i (R-10) 1 F M#W '

aH-4)+02 #OH 4. (R-1u) H o M #OH+ M

(R-5) o+ -+ OH + H (R-1) H+ 02 +ý. ;. op + X

(R-6) OR +O•m +O2 (R-13) 0 + 0 + M O-4-4 a + -i

(R-7) QH +0OH iO +O0 (R-14) i +oH + x itg +MI
uimerica.L values of the rate constants of vmy of these reactiomai

axe given in Table I. Zha initiation r=action of the oxidation oX hyro-
gen is listed es the first reaction in the table, The activatel uccbx
formed in this reaction may be considered as an unstable form of hWrogen
perocide which represents only a loose association complex o0 b nyrogan
and oxygen. The deacmposition of this activated ccuplex in which OH
radicals are produced in of great importance to the ovsrall oxidation

~I
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I * ¶~*TABLE--I

RecinRtICls.(m/~Il(Y)"c
H3 f63I11 Xý5 00 )

R4 r .3 x 10%1 axp(-0*'3R5 f, 2.4 X 1012 W~ -2O73.OO)
R5r 2. x102a .p-l,510/4T)

R9 4 f MH2 x :lwl1 T-1.
"m : H 2.0 x iota T-'

-gr Ha) 3. x l T 0 gop 103,200/tT
j(10 T 0  eza p :103:200/.T

1.1 X IOZR T-e1

I1fMu1Ha) 1.4i x ~D~10 .5- -1326b

R O f (H u i&O) 6.8 x 102 T .-1 -6a , O

&U ~l othe~rs 1.7 x le3 T-t *x -.U 8 0OOtT)

RILtf 6 x101'

RJ.2 r I. x 101* TC2 4xrp(-145,920/.I)
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vsta f ny~nmn inateO radical in oneof the most inmportatit c-hain

the "static method" at low pressur'es (0.2 to 20 mm Hg) and in the tem~per-I atuire rexge of 573-2373*K have been measured by Giguere %nd Liu.- Tneir
experiments were conducted. in cleau pyrex or vy-cor glass reaction vesselsm
and tha reaction rates determined. fromi the change In gas pressure utth
tie For this system both homogeneous and heterogeneous decomposition
reactions oceurred. After correcting for surf ace decomposition, they
reported. a homogeneous decomposition rate equation as

IL M 1 02-3 ox(-)13,OOOr) see-, (1)

Gig~wre azd. Liu b~aod this rate equation on the folloiwing rkochazism:

I (R-O0) H~as -4 OH + OR1

j(R-15), OH + 1201p ~HaO + liOm

(H-16) Hog+ H~a 42(%d +~

I(H~-17) Ma+O H *1D+O

The lauthors fuLrther reported that the rate-datemin~i~ng stop in tbisI ~series of reusotioaia is reaotion nmbter (R-O) because of Its hiah acti-
vation evargy. Alhough sotive redicaa aoe involyud in this zaohami~m,3 it is obvious that it does not represont a ohain.

Satterf iold and Stltei also stwUsid the deoahmposition of hydlrogen
peroxide gas by pausing a mixture of (NiO& + NiO) tbzrou&i a bested. tube
and szmlyuing the Swaus at the inlet and outlet. The analysis was
carried out by rapid qL~nching ofthe anpls as it was withdrawn from

solution. Those. experimont. were carried out ror a z'ang of temperaturesI ~ ~of 500-775% anrd at hydiroaen peroxide partial. pressures of U.02 stmos-
phtere. The authors reported. an order of reaction, of 3/2 and, an act~iva.
tion energy of 55,000 cal/mole. They postulated the following chann

reactions mchanism:

3Initiation 1j0a +H -0 H + OR+ M

Chain branching oi{ *. 1a0a -. 110m + g

HD + 112aa-4 1130+ 02+ OR



I OH + 1102 + M -402 + HP0.O + M

' ~ ~ 0 " •D HOP + M -b H202 + 02 + M

'M pomtu•LAted the-body chuin-'braki reILtiona rea~t n an overallrewcto of order 3/2, whicb wreed with their experimental dat.

Hoare et al.' oorelated the above data with dat.i of their own

(made by f---owin the hydrogen peroxide and a carrier gas through pyrex
and silica reuction versela, cleatied with 40% hydrofluoric acid and
anclyziug the ganes at the entran•e and exit). The anaJLyis in this case
vag tarried out by freezlag the sample with a liquid air cold trap and
aalyzig the products by titration with 0.01 N acid potusai= perm•n-

3 mate solution. Thaso authors studied the decMousition rates for a
temperature range of 514-932*K and reported a sooond-order rate constant

nquati lof

CC T Mi86

[ for the a•vawUon (R-i). The reaction rate equation given above applies
to the oue wbare X is LaJ.so hydrogen peroxide ar. the overall ordev of
Q8l rct:Lo 2.3 two.

So far the rate oonstazt of the deco sition of hyrogen peroxideis knom only at tw ratures pP approximately 900*K. Air for the
[j nbrpsrsomto rwmet will prob•b•y. 4 *shooked and diffused to twmeratures

. of approximtely ,.500L it in tharefore desira.le to have docceposition
""ata at hiher tomparatures so that a realistic evaluation of the amr-
ILU ooustion proesso c'an be made. The stu4v of the inoha~nim and thbeI roaction rates of the hydrogen peroxide doeomposition for temparatures
in the reAs of 10O0-140OK hS" beeiz Invten i.g0ued end'ar reported.

herein

I3•
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SECTION II

EXPE RDfNTAL PROCEDURES

The high gas temperatures iequired for the ex.periments were obtained
by means of a shock tube apparatus which is shown schematically in Fig. I.
In addition to increasing the temperature, the shock increases the species
concentration by compressing the mixture. The shock tube used was a
pressure-drivon type having a driver section of 13 feet and a driven
sectioni of 23 feet. Helium-air mixtures were used as the driver gas
while hydrogen peroxide-argon and hydrogen peroxide-nitrogen mixturx =
were the two test gas mixtures used. The two sections were separated by
a rWlar diaphragm.

The leak rate of the driven section of the shock tube (toot section)
was less than 1.5 microns per minute. The shock tube was miae of No. 316
stainless steel. The driven nection was lined with corjmrcial po4yethr
ylene well casing tubing (Yardly Plastics, Golden Jet N8T) to prevent
M202 deamoposition while stored in the tube. The insidse d•atmer of this
tubing is 1.5 inches. Heterogeneous decwmosition 0of bydrogen peroxeds
stored in tis vestel is relptrvese ntsead

Paasivatio of the tube and the vor mixing system pmannte
considerable difficulty. The glassware used wa pyrex and the tubizg
waS teflon, pyre.X, and polyethylene. The glasowsre was pasaivated ly
cleaniug first thoroughly with double-distilled water end ten imaraing
it in 35% sulphuric acid for about two hours at room temperature. It
was then cleaned again and rinsed thorovgft4 with dblo--distilied wator
andm amir-dried.

The connecting tubing. of teflon and polyetbyrlene were cleaned, and

rinsed several time with double-distilled water. Thase and the glass-
warse did not present a& serioug problems.

The shock tube, made of 316 stainless steel, was fo1uA to c&talyze
the heterogeneous daecmposition of H202. It had been used eolier in
other experimental work and hence It was felt tlhat the inner surface
might have been corroded by other gases. Hence the inter surface was
honed ,and cleaned later with alcohol and distilled water. This Lreat-
sent did not reduce the catalytic effeot. Han e the ,4asuivsting proce-
dura reomnended by the manufacturers of I200i (Bacon) wan followea1. IA
this method, the tube waxn o•pletely filled with 'TO% nitric acid solution
and left for seven hours at room temperature. It was then cleaned with
diutilled water and treated with a 30% solution of hydrogen pera.rls
vhich was left in the tube for about six hours. Mw tube was theyn rnzsed
and cleaned agcdn with dietilled "mter several times. After thin, tests
werb conducted to check the activity of the surface of the tue. it vas
found to have 1.prwemd but sti.U the decoositiuo, wa. hM•gh. Tharforse,
the entire paauivating prco6so was repeated. Another series of tests
indio&ted at thiLs st that the decompoaiticon was still rather high.

* 5I
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U ~Next a hydrogen peroxydLae vapor-argon mixture was passed continuously
through the tube for about an hour arid then the ends were closed and the

* imixture allowed to remain in the tube for 10 minutes. A sample test
before and after the 10-minute fill showed that about 50% of the H2 02

admitted remained after 10 minutes. Tests were also conducted to see
whether a large percentage of H,0 2 was adsorbed on the walls of the tube.
This test consisted, of passing the hydrogen peroxide-argon mixture
continuously through the tube, the tube being evacuated on the other end.
Between the tube and the pump was a cold trap with dry ice in wcetoze to

I freeze out H20, and H20. An analysis of the -ondensate showed that there
was no adsorption, while decumposition occurred as before. At this
stage it was decided to use a polyethylene insert.

3 Care was also token to avoid hydrogen peroxide decomposition on the
surface of other components which contacted the test gas. For example,
the flow-throttling valves were made of teflon, the flow-conducting
lines were polyethylene tubing, the test-section window flanges were made
of type ll0 aluminum, and Kel F-90 grease was employed for the stopcocks.
When 9.l1 these materials were eWloyed• the surface decomposition of the
hydrogen peroxide for the total time to fill and test the mixture was
always less than 15% of the initial concentration of hydrogen peroxide
admitted into the test section.

Dl In order to obtain the reaction rates and the rate oonstant, we
should have knowledge of the temperature and pressure behind the shock
wave. This is measured by m•naurinj the velocity of the shook wave and0 thooretically caloulating the temperature and pressure ratios across the
shock. Tests were run to check the attenuation and it was found to be
negligible.s"nggShock speed is determined by measuring the tim, of pageap of the

shook wave bqiveen two platinwu strip bhermal gageo. mhe resibtanme of
the platinum strip Increases when subjected to a temperabure increase
and this init.al e hange occurs in less than one microsecond. The plot-
inum strip is placud in one branch of an electrioal bridge. Thus a
change in its resistance on arrival of the ahoOk wave will 0au2 a volt-
age drop which in amplified and used as a timing pulse. Referring %o
Fig. 1, the first gape starts a trac. in an oScillosoope an the remaining
two probes generate deflections of tho trace measuring the time of
passage of the shock wave between the two strips placed 0.5 moter apart.

IWitial pressure was measured by a mercury mancmater with fluorolube
oil on top of mercury to prevent inedisate contact between meroury andShydrogen peroxide. The manometer was clvened frequently and refilled
with fresh mercury The pressure was cross-checked, with a Heiee ~g'
and it wan found that there was nQ difference between the readings
obtalzed in the two ways.

.rhu absorption of U-V radiation (- 2600 A) by the heated hydrogen
perocide was monitored. Light from a high-presaure mercury lsap was
traAwimittrl through a sapphire window (1 X 5 mm) and the test gas

1 7



:1 and focused on the entrance slit of a monochromator. A Perkin-Elmer
Model 98 monochromator was used to isolaSt,; the particular wavelength
region of interest, and the transmitted light was focused on an IP 28
photomultiplier. The signal output from the photomultiplier was recorded
on an osciL0os5-ope. Because o• the low absorption level compraed to the
total light transmitted at the monochromator setting, a suppressed zero
wan obtedned by applying a 1.2 V DC potentiol from a battery to the
photo=ltiplier signal thereby allowing more aL-curacy when evaluating
the data. Details of the relationship between light intensity and hydro-
gen peroxide concentration are given in Section III of this report.

The test gas mixture constituted 2 to 3% hydrogen peroxide in a
carrier gas of argon or nitrogen. Comercial helium-and water-pumped
nitrogen gaties wera 4ployed %a carrier gases while 98% liquid hydrogen
peroxide wau used (supplied by the Becco Com any). 1trdrogen peroxide
carrer gas mixturais were produced (T m' 257C by slawly bubbling the

carrier gas at the rate of approximately 6 co/sac (tube conditions)
through a porous plug which was completely submerged in liquid hydrogen
peroxim e (approximately 30 cc). The mixture w,.s then passed into the
driven section of the idhock -tube to a test prousure of 40 sm mercury
(Fig. 2). The initial concentrations of hydrogen peroxide vapor in the
gas mixtures were sampled prior to being admitted into the shock tube
and near the test windws and determined quantitatively by the Ydngzett's
titration procedure (Appendix II).

o -.

I :•
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SECTION III

METHOD OF ANALYS1 AND RESULTS Of Th7 VaPERI1ENIS

Based on available hydrogen poeoxide decomposition data below 900°0C
Hloare atal.* reported that hydrogen peroxide vapors eops co~n
to theioNwAuving second-order chemical reaction:

""Ha + M -+ OIL + OH + M . (R-2)

i -- T1w ratm equation for this reaction can be given as

3[ga k CiU~ HMOUOD)M] (3)

* ihere

[K] a concentration of inert sweifts M,
k a rate constanit, and
t time.

Upon integration (the concentration of M can be considered as c~onstant)
we Jbtaia

where

(t - ti) -length of tima interval Va barn beea hoated in #hook wave;0 ~(subscript L d/duoteu the comdition imnsdiately~ altar passago
of the shock wave (beginning of decompocitionl))

[j I~~Ndropen peroxide absorbo continuoumly in the ulitrav-iolet i.n the regioni
frm OQ to 2000 A.0 This absorption has been .xperimenta13.y obsorvsd

by, different authors5 but the 'potential curves at the excited electronic
laM'el are r ot clearly known~. The concentration of the decomposing
species (a H0s) is related to the intensity of the absorbing Wivu:laenbh

("k6OO &x or FlaOa) and according to Beer's law is given as

* 10

* r•r11lI - .. .,-



I ', (5)

1i where

I w instmtltancoua intensity of transmittod light,
D, w intensity of trmnsmitted light without hydrogan peroxAid(zero absorption),

w extinction coefficient,
L - absorption path length, and

CC] - concentration of absorbing aploites C.

The value oe 4 has not been determined because it is of no pruttoe.l
in+erest. The absorption coefficient ji can be eliminated if we cmpare
abco.-ption intensities at two different concontratlons as the dacrinposi-
tion proceeds. When tbA concentration of the hydrogen peroxide deroeased
to the value at which the difference between the initial intensity of
the tranamittod light (I±) and the Instantaneous Intensity (1) in 10% of
the difJorenco betwren the zero absorption intensity (1o) qmd the initial
intensity (i), the *xprosaion -.f the rate constant as given in Eq. (4)
becomes,,

In[ ,A n ÷ '

InJ L -n + 11 L..)]
iE. (0. Lti)I ~Pa

where pa/p). is the density ratio norwsm the shock wav*. The deiiuity
ratio in the dinaminator of SQ. (6) in the multiplioation f&U0.,'ei •w•ih
oonv•evrt the time fr=n t1W laboratory reference td the S"a ,,oerenoe.
Thir oorrection wnma nbcausary to aocount foil the fact -L1t the gas amre
in notion behind the shook wnve,

Thin may be tudmrLood by uonuidering t~he pasn*,p of a particle
Sthrough thn shook front whan thto tronit la a diatance d from the observins

III point, IT the flt• vlcai n d6"i % C)tod by u, and the shook velocity by
U, then the partru.e In observed at u tim 4 U.U after it passed through
the front. llowver, the front itmelf arrived at time •U/J so that the
difersnue In arrival time between the shook front sad the jAtiole
(i,e., the laboratory tilm) is d/uu- d/U. TA purtiole tim, tp, in
then related to the laboratory time tr, by

K3i



tL d d Uu2  '02 PI.

3A Te va. .ablQ of E~q. (6) wagi" " 4~y on the first 10% of the d~ecom-
position to jtifJUN the ussuimirtjo o~ f 4'conatont temperature during~ the
*deaMo'&oA10 -and N50 to UXm4 .the. iWitý.dftig stop in the decomposition

TIh.e eeriwitu.1 &ata"Wire e~rnlu&l~o by first calculating the ocundi-
Uwe tobhind thIe ziorm. fih*0k: on~ tko bea4. ot 4. thenz11.Y perfect,
wonieaot1.M ow. Thea rtico ýattenzLtioa -tand' tile tjrie to doacinpoae thefirst 10% or byro' gn peroxvin (Ia, sco&.1e were- obtaied fr~m thle
oael~lo~oope troce VtAoh shcw~ei! tho intr nsit -vviravem..t mrolationahip.3 811titution or theso doata into Eq. .(5i) aue' th value of ~ The

ob0ti81 h~oOiinrate constant ( -9- iathan -obterj d h-~he experi-
mUWa rate dongtmat bd ividing t~ho Uttar by' the tr&ion of the
Iniert. Oweste (M),

Typic~al. experimetal data showln~ the rolative de owouti . a rateof b4wgmn peroxdem it h$jat t"Vere~hw m OAM In 001lsiaon vWth~i~ron.[I a. nitrogen a"e given in Fit. 3 - The #hw~k spood, tha '.ow*.rsaur.
behilid the shook, . wd other data pertinent to thes 24.xpewImIts. swfreJ lited.
in, this MISUM,' A total Of U. experimnta.3 rate coustimt, %siiues ryver a
t4-br~te :*sAV frcn 1220 to 1370"K wer'e deteirmined for the dewompofl-tion of' bYdlzogn percatdd. In aooJJion with nitrogen *1o~cU*# 3baoQ.1.tion with sxgoii, 1 experimenta~i rates were determined c~'wr a t~*.
peratuaG rang ft%= 3.350 to 1600&K. Resulta of thmeseei~reII na06tion rate da~ta arc plottod in Fig. 4., Also pIotteO. in t~him figurs

Uawe the aonao~lidated data, reported by, licre 1_q 6 for -the rate 4itonstanto
of the krrogmn peroxide -for a lower rwnW ofUtemp. ratiuv., If we' &am=0 ~tha% the rate constant gl.rmn by wn oxprwooioa of the form

ElJ k' An Ax~

t 1then 14M

*MN*e 1W. "

rM wx `W t er.!,
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D*a 'T po, of I '/T va Zn k ghoull proiuco a. straight line, the ulope of
vhi~h ~a ' sing a, "lea.st-ziea=-squaro" (ppeoidix 111) ted. wjq~

*1 for duitorminin& the -ruuati.o of. tho lina paouing t~~rou&g the dp~a points#
tl~ Nllowiag evatitona were obtuined:

3 Argent .'7 ,:iv r T-~-~~~c2~mJe.o (7)

X .1 W" lAZ

IAs noted in t&e obtwe *OA&tmmA14 t)mb ros o argon andM

at I~vm tmiperatwmoe for ni~ts ±&Wb u"ru wr 9000 94 1

Experiwintd vere oonluiot4 Lbo e9j0L.Uthe -O wt~ fof aio of
bydrwq1 (OH) during the inib;(' phiaemof tb.A&% 4 Wozto of byd*gn
perwxdes. By correlating thiis inaoftticin viti tbý WitIal doooaposittonIrate of Iydropn peroxide it Ise possibla ' o etstabhU"'V wmzet Laiti..
tion reaction or tUn hydrowf Peroxide d aqdvwA oz. 7-10 experiwita2.3 ~Procedure for the.., experi.maitua.va eumentiat4 as4 e a~ eutiv~d
%bovo wxost thAt thtj OH i ul aia o~,o~n(M~ tioni wti ba'ase inb3od
frca the 3064& A band aemisson spacitra. 2tW woonbr&Ac Vek'iv asm to ean
end before sufficieant data could be obtainedJ to sa-viv4 at 4Ix* con4Umian,



SE1CTION TV

I DISCUSBXQN OF RESULTS

lTbe rir~t atep in the therma3. deccumpoms.tjoz of by*~ogen. peroxide is11 Oat42.rl to be Me tc'llwizmg stohri aeoond-order cb±amil reactiou:

H2I 1O+ M -+H +OI{H + (RH

a Lim Z or tbe preasti atAudies, thm eornchtration of the inert ispeoiaeU(u'6n Or' uitropza) 171 tb4 teat gmac usuualiy excoaded 97% of tbe totalp
It wen asumd. that. tlw b~Vtren peroxide ooau q ison partner (H) vas the3 q~UPA $peai. a, BLA'ae tai* tfmt4o of the reactizg apectle. used in~ the

qwmts vus v*%y waj, the e *b&W im the muation twqeratuz v~s.

IThs asmWO-on of the Ay!2zopen peroxide decumposition mact1on
S(Sq,. 1.-2) as porntaisab by X'ortv et &.1 ' was boaed on the accepted struc-

tzm of ths X02"~og .0oxide ;A205S The stnawture can ba repmenteMdfl4L4$utLc~aUW~ &M ahoM Az 14.b sketc& helw4,

**95±90

&e71oo* .0

de*"lvlla afhI~r nyrxd m c nw ffmvwFA 3iV0 4 rdbteitetooymam."U
rewi q~o leag f5,00olieQdrmto.sias

(b h a enna yxq n nwp
a mci""ursa *3wa 0000-4

an Isms ral. I



Ii I:
Becanse of the great •ifferenoe between th~,e two act.vation etergleu the
more probable &issociation Is the breakage of the bond between the two
.oxrgen atomi4  Other -theoretical decomposition reactions such

S1 2 02 +• '-HZ + 0 + Q +

iH202 + M -'H + 1- + 0 + 0 + M

.-cmn also be rul] dixt beoause of entrar o=sidaratlons. S .omezwprimantabe
evidence vas obtained (Appendix 1) to =pport the theory tbat )doMe
perozida dneooposrob indeed into Wo OH roAlcsl.

From the •Aperlsontu4 a dlropz peroxidea deaposition raft o=otaft4,
I ahown ir Frg. 4 it is seen that the activation enarg rangeo fro

4&9,800 to 53',000 oa/voie. Tbis value @4;ras rsainonabW. vW2l witha ftat
reported by Hoare at- &..3 o oa2lwuatad Ike activation enru as 48,0003 oa)./mnol from datm7averF a lower (500-900*X) temperature rangs. This
Y&Awasue walg weaJ 04to well with the ener4V re~quirend to brask the baud1

An oonin ig.4# hehydirogenz paroxlule dsomoupsitiozk ratse oomateals
'•l~o :two o•g~ .atauu ina the I•&~s psrwc.d- ,leo~la, '

with nitrogen as the oLlision partnva r am about 6-7 t1im larger #m
tho.e with atrgon as th collision p•wrtner. Ho.re at a.. bawe reported1 ~that nitro~en was anbout twice as erfectivre an hallmu a tamperabum frca
,300-900OK. Since for the present temperatur'e rmnge of UOO-23OOt for
itle nitrogen studies, rotational and~ vibrational node syalso oostrbtlen
towards szorgy trnm.ter, It In reaaaoable to a&sum that the reactionrate constants w,11 be r~ at bAber. -rgd It"sm sebxp e o acre
efficemt tha helium as aoo~mI= patnr an thi Was the eftlaeie

of nitrogen relative tohellim vez bi&Ur thwAithe factor of GoIw7I ~obtained with argon. At thie present tim It is felt. Oat more izysatA-
gations =W~ bayti to be uav~arteaoe beforeany definite aona'Alios my) be3 drzn relative to this point.

-I
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APPENDIX I

A chemical reaotion which Wea7 be of importance in the chain reaction
of the hydrogen-oxygon uombuntlon process is the dissociation and recom-
biwation of the OH radical. This reaction may be written as

i ol01i+ M ;o., + M H + -.

3Because of difficulty in obtaining free hydrogen and o.X~'gen atoma, data
on the ratc. constmnts of t1w, roorbination reaction (0 + It + M -+011 4. M)
are not uvLA1abl6.* Therefore, bhe rate of diuappearaneue of the 011
radlial in the shocked gas warn swanured at temperaturea of from 2700 to

* .... 200"K. hM decomposition of tha kydrogen peroxide at these temperatures
oourred in time lees than 1 1Maeo. The diaLpearance of the OH zad.iLal
vu Meterained by mouitq~ing its ultraviolet .amission in the vroeor•

rn f 3 ito 3090 A. This isnton oorrosponds to the (0,0) 'andI ~ ~of the A' -0% electronic trsAidtioa of Use OH molecule.

In the atnalysis, the follc•ing six reactions involving the OH mpecivn
Yex'. covaidered:

OH + H 'aIuO + H 0-c1X)
Sx~~ + oM # OH + 0 •-•

H0 + Oa 0 OR + (R-IV)

o0 + OR # HAo + 0 (&.v)

H + OR + M IMO + M (R.vI)

U + H + M#oH + M (R-VXI)

The rates for WL but the last of these ohanuo, reaotions Yere obtained
S•from KaskAn and Browne (almo see Table I). Estimates of the riotc. for

Uezation R-VII were made by the follawing method:

SThe dissooiation energy of OH, H01, and Hg vre 101.36t 102.2 and
103.26 eel/mole, respectively. "Te mass, vibrational frtqumncy, and
dipole mv- nt of OH fall betreen the values of Ha and I1. Hmnuo, it iw
"reasonable to assum t•.t the rate constant for the reaction
OR + X 0 a + + 4 would have a valui betwoen those in•.vM ng ]H ar IdI.

I
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li
-By -Aan of' an um.xtro.polLtion (Figs 5) the latter reaction rate call

be approximatel av

1 Using the reportead and 4as tim~ted values ov' reaction rates for the symtem

.of reaction gikvenA abro.e I the 0H concentration with time
I was calculated for varLouu initial woniertratihnp of ihOa, 4;,•, and argon.
It wao avumed r .ha a at thu stal (i.ed bate bdc•And rhte shock wave) the
•. hydrogen peroxide d tqea sed into bwo e 1e adictals, b Th ounen entratvons of
0_II Oa 0 i It. j olaO e ud Oil arr• taltulmbtd for the +aM oi,' r1 aotionH in .
tims inoremento of 0.1 tsec. Mtoe veriation of the O a con suntitton with
tine w" plotted and ebiared edth experimental OR de.ay rate d'aa
t rohe egresenwms satailfator. Aleso. a, thre rat constant A-VII wo l
tvaried over a wide rui of valuer end the OIL decay rate was alcoulaoed
for e ach of tbee. These rate e tere found t6 be independent of the vaue• ~of 11411r, Thi,, study clea'rl shows that the reaction 0 .+ 11 + M -OOH ,, H

Siooes not contribute noticeably to th e above 0 atea of reactionte uder tbe
conditions In~msigated.

iFro the results aveylable to far, there to postvr reason to believe-| that the desompostion of hyrogvn pero~tle cam be used &a. a source of OH
S~radicals for mW further study. Fucrther satudi~es should be undertalen t

I @oonfim this by observingr thj fonreteen of OIL radiclformu tD he deco-
_ lF)postiton of hy~tropla peroxide. .

A literatu~re surve wn s~ made to explore the poortibi.lt: o' dmteotiar4

zradiation esmtted by the HO: radical in the inirarmel region In the shok
tube during the decompoition of hydrogen peroxide. The dLffi.uldies
encountered in this etudy were beyond the soope uf tAm wA A,=cA3 reaouroei of t1e oonbFrat.

-I
-I
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*i APPEDIX I11

TDPRATION PROCEDURE 
4

IRequired: 0.1 N Na28203 solution
18 N IiQS04
1(1 solution made up by dissolving 2 nmg of' KI ii- 200 ml

diAUtLled water.

Procedure: The sampling flauk with a capacity of ]. liter is
_ m • connecte4 to tha shock tube and evaauateA along with

the tube and lmtor filled with the hydrogen peroxida
vapor - argon mixture an is the tube.

The flask is now removed and 10 cc distilled'
N water aeded to it to diusolve %.V the gaes in it.

To 200 cc of the prepared KI solution in added
30 cc of the 181 HfSO,6 and to this is added the
contents of the sampling flank. This mixture is
otirrel well and lot stand for fiv minutes and. then
titrated against the N&2SaOs solution using starchi a•s :iueded.

Calculetiona:

1 1 liter of 0.1 Nfa28203 I-

I - 1.7008 gm of H~na*a

"". Let X cc of NaaSO be used for titration. Then

I ~moles of IIQ02 present*

atmmospheric presure 82.05 x 300

I lr:m this, ren';en of 11a0 z by weight is calculated•.

21
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APPENDIXC III

e tSTTAIGT LNE FIT FOR DATA

Platting I/T on the abcissa and An k as the ordinate, from the'equation

La k _AM -_T

we can write a straight line pasuing through the points as

,.- -A + Ya.,A , 1

for each point i..

"..por a total of N points we can got

(l- XI E)J -NE. Xj•
- f

for the LeUt-man-uquare straight line passing through these pointh.

2

I

Ig



R .... 'E

[Ii

II
3 1. Giguer, P. A., and l, 1. D., Can. J. of Chem, (April, 1957),

283.

2. Scatterfiold, 0. N.) mid M•in, T. W.9 J. Me sihem (Mpy L i .

3. Hoare, D. 2.; IProthoroo, J. B.; wnd Walshp A. D., Tr'ans, o0' Faradzi

Soc., s2 (1959), 548.

TruAwoll, V. 1,, • u •all W. T.) Analytical Ol~ut 9 Vol. 11,_
John Wilyo & Sonh, Ino., London (191•).

5. Mohub, W. Cs; S3atterfield, C. N.; wAd Wtntvorth, R. L.$ ad"IMM
Peroxide, Reinhold Publishirg Corporatlon (1955).

6. Kaxlazi W. E., Iand Drowns, W. 0I. "lCSUnstloa of the Hq, CO/Os systma,I ERport R 61•4D37, Oensral Eleotrio Space Bulenwou Laborator,
(t )19614).

2I:!


